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TIME DIVISION MULTIPLEXING EXPANSION SUBSYSTEM 

TEC HNICAL FIELD OF TUP f MypM-p^, 
The present invention relates to time division multiplexing (TDM) 
subsystems whiclh transmit multiple channels of information on a single 
channel of a Dense Wavelength Division Multiplexing (DWDM) system 
5 and accommodates a variety of data formats and data rates. 

BACKGROUND OF TUP iMlfpiyr^ r . 

Telecommunications and data communications systems represent a 
. substantial and rapidly growing portion of the communications industry 

10 Such growth has been particularly intense in the past ten years 

Unfortunately, the" current system capacity is far too limited for these 

rapidly expanding applications, particularly optical fiber systems. It is quite 
expensive to construct new fiber optic lines. Thus, various methods have 
been considered for increase the system capacity, such as optical dense 
wavelength division mulUplexing (DWDM), frequency division multiplexing 
(FDM), and time division mulUplexing (TDM). 

in a DWDM system, multiple optical signal channels are carried 
over a single optical fiber, each channel being assigned a particular optical 
wavelength. By Using a single, existing opUcal fiber to carry mulUple 
20 channels, DWDM has been found to be an efficient approach for 

increasing the capacity of the current communication systems and better 
utilizing the existing transmission media, optical fiber. 

Each channel in current DWDM systems can carry data at speeds 
uptoab0ut2.5Gb/s to10Gb/s. This works well for data that is being 
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transmitted at such speeds, however it is obviously quite in efficifi . ♦ 
toe FDD! and Ethernet formats are usually transmitted at about 100Mb/ s 

Mb*. Thus valuable fibar^pUc bandwidth Is being emoloved ,7, 

some means to efflcier^wnspert,^^^. 15 18 to « 

«M wh.cn sucft , npu , ^ ^ 

<*pur or .ransmitting en d * „. W ^ •» 

^^«^con*^ S peeds 0f ^ve Ii ou ai npu,siJ s T^e 
20 rnuK, ptex e d ^ , s , o tenrtnaI ~ a ^ 

AlMteMw, ^ <>«*»s made by 3Com. Cisco. Hewlett-Packard, IBM 
«ca.e,. ^ p . Luc en t Te kl rc^e n dOslcc m . Generally, ou*ut signal 

■» rermat For example, some modules were designed to operate 
onr, w„H data In ,he POD, forma,. whi* othe rs worK only h the ££T 

30 SDH/SONET ATM. Fiber Channel, and others. Thus system, m which 
- « a variety o (fo rmats must be transmKed cannotL JZZL 
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systems. Furthermore, such prior art TDM systems required expensive 
and complicated format-specific terminal equipment 

Many prior art TDM modules are not capable of adjusting to differing 
data rates and have to be specially designed for multiplexing at only a 
5 single specified rata Thus such units have limited usefulness in modem 
communications networks, which often must transmit data of varying data 
formats and at differing speeds. To overcome this problem, some prior art 
TDM modules have included a data rate adjustment feature. Unfortunately 
this is not a true adjustment of the modules data rate, but rather a 
modification of the input signal to meet some standard data rate. Typically 
this means that the input signal must either be supplied with redundant 
data to increase the data rate or some data from the signal will be removed 
to reduce the signal data rate. The former may work, but at the expense of 
transmitting unwanted data, wasting scarce waveband, and the later will 
degrade the performance of the input signal. Another attempt to overcome 
this problem has been to design units capable of handling either a 
specified data rate or an even multiple of that rate ("step-by-step"). For 
example, a unit has been designed that can accept data in both the .STS-1 
and STS-3 formats (respectively 51 .84 Mb/s and 155.52 Mb/s, the later 
being exactly three times the former). Obviously, such a system is quite 
limited. 

Some prior art systems use a 'header* to identify a particular 

channel. Unfortunately, such headers must typically be lengthily, and thus 

result in an unnecessarily (and wastefully) high data rate to transmit both 

the header and the underlying signal before available buffer space has 
been exhausted. 

Furthermore, some prior art units are prone to error when if any of 
the TDM channels are temporarily inactive. Such problems are often due 
to the inability to determine the signal horizon in the event of a null signal 
30 (repeating zeros) as well as certain other repetitive signals (e.g., repeating 
Vs and /or Vs: "001 1001 1001 1 ..." eta). 
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Some of prior art TDM modules require the input signals operate on 
one-fifth of the data rate which the module components can handle, due to 
the use of an Independent system clock. Such units either operate on 
lower data rate or require the very expensive working components that are 
5 capable of handling such high data rates (i.e., five times the actual data 
transfer rate). 

An additional problem with prior art TDM modules, designed for 
existing network and terminal equipment, is that any change in equipment, 
such as replacing the module, required that both the TDM system and the 
10 DWDM system be shut down. 

What is needed is a TDM expansion module adapted for use in a 
DWDM system, which can handle data in numerous formats, that is 
expandable, can handle data at higher transmission speeds (form 50 Mb/s 
to 500 Mb/s), achieves this result at a minimal cost in terms of data loss, 
15 functionality, and reliability. 

SUMMARY OF THE INVEMTinu 
The present invention provides an expansion subsystem for dense 
wavelength division multiplexing systems allowing for the time division 
multiplexed transmission of lower speed information-bearing signals 
without regard to data rate or transmission format. 

In a first aspect, the present invention provides a modular time 
division multiplexing expansion subsystem for transmitting a plurality of 
Incoming Information-bearing signals between a first station and a second 
station over a single transmission medium, Including a first station with at 
least one multiplexer module, including a plurality of data buffers which 
receive incoming information-bearing signals and derive a respective input 
clock signal therefrom; a channel identification generator, generating a 
unique pseudo-random channel Identification code for each of said 
respective signals independent of any channel identification encoded in 
said signals; a plurality of encoders, sequentially adding different bits from 
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the unique code to the signal at predetermined intervals, independent of 
any frame or synchronization signal within said signal, to form an encoded 
data signal having a faster data rate than said respective signal; a plurality 
of data scramblers, converting the encoded signal into a format that can be 
5 Erectly modulated, transmitted and demodulated without signal boosters 
or amplification, according to a predetermined algorithm; a time division 
multiplexing unit, combining output signals from said scramblers, 
sequentially transferring an output signal from each scrambler at different 
time slot, and forming a time division multiplexed signal for transmission - 
10 from said first station to said second station; and a multiplexing clock for 
receiving data speed in the form of signals from one or more of the data 
buffers, and transmitting synchronizing pulses to the channel identification 
generator, the plurality of data scramblers, and the time division 
multiplexing unit; a second station including at least one demultiplexer 
15 module comprising a time division demultiplexing unit, located at the 
second station, for dividing the signal from the first station, deriving the 
data speed therefrom, and transmitting demultiplexed signals over a 
Plurality of data channels; a plurality of unscrambles, one for each data 
channel, receiving the demultiplexed signal and converting it back into an 
20 encoded data signal; a demultiplexing clock, for receiving data speed in 
the form of signals from the time division demultiplexer, and transmitting at 
least one synchronous pulse based thereupon; a decoder for receiving 
said synchronous pulse, removing said unique identification code from 
said signal, and returning the signal substantially to its original form; an 
25 identification verifying unit, comparing the unique identification code from a 
given signal with the predetermined code for that signals data channel, 
sending a synchronizing signal to said time division demultiplexing unit if 
said identification code from said signal does not correspond to said 
predetermined for that signals data channel; wherein said information- 
30 bearing signals may be transmitted between a first station and a second 
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station over a single transmission media independent of transmission 
format 

In other aspects of the present invention, the data buffers 
encoders, scramblers, channel identification generator, and time division 
5 multiplexing unit are able to operate over a wide range of data rates; the 
channel Identification generator and identification verifying unit are 
substantially Identical in structure; the second station further comprises at 
least one time division multiplexer, and the first station further comprises at 
least one time division demultiplexer, allowing for bidirectional operation- 
10 the plurality of encoders add at least a first predetermined integer number 
of bits from the unique channel identification code after every second 
predetermined Integer number of bits of said respective signal; the first 
predetermined integer number is one and said second predetermined 
integer number is eight; the data scrambler predetermined algorithm 
15 further comprises converting said respective signal by an Exclusive OR 
algorithm based upon predetermined binary number; the predetermined 
binary number is at least seven bits In length; the plurality of data buffers 
include a first data buffer, a second data buffer and one or more 
subsequent data buffers, and if the multiplexing clock has not acquired 
20 data speed or lost data speed, the clock initially checks said first data 
buffer for data speed, and if no data speed is acquired, then checks said 
second data buffer, and if no data speed is acquired, in turn checks 
subsequent data buffers, repeating the pattern, until data speed is 
acquired; the data scrambler further comprises a single chip with said 
25 Exclusive OR algorithm and said binary number contained therein; the 
unique pseudo-random channel identification codes are stored in a shift 
registrar or in read-only memory; the informaUon-bearing signals received 
by said multiplexer module are at substantially the same data rate; 
the multiplexer module further comprises a plurality of multiplexer modules 
30 wherein the output of at least one multiplexer module forms the Input of 
another multiplexer module, in cascade fashion to accommodate a greater 
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number of incoming information-bearing signals than a single multiplexer 
module could accommodate; and the demultiplexer module further 
comprises a plurality of demultiplexer modules wherein at least one of said 
demultiplexed signals, output from at least one demultiplexer module, 
5 forms the input of another demultiplexer module, in cascade fashion, to 
accommodate a greater number of incoming information-bearing signals 
than a single demultiplexer module could accommodate. 

BRIEF DESCRIPTION OF T^E DRAWIMftQ 
10 FIG. 1 schematically depicts a communication system with the TDM 

subsystem constructed according to the present invention. 

FIG. 2 schematically depicts the transmitting end of the TDM 
subsystem in FIG. 1. 

FIG. 3 schematically depicts the receiving end of the TDM 
15 subsystem In FIG. 1. 

FIG. 4 schematically depicts a communication system with the TDM 
subsystem arranged in a multi-level cascade combination. 

FIG. S schematically depicts a communication system with the TDM 
subsystem arranged for bidirectional communications. 

FIGS. 6-A & 6-B schematically depict a communication system with 
the TDM subsystem arranged for bidirectional communications In a multi- 
level cascade combination, with Fig. 6-A showing the transmitting station 
and Fig. 6-B the receiving station. 
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DETAILED DESCRIPTION np the IMVFMtiom 
FIG. 1 depicts the time division multiplexing (TDM) data 
transmission system 100 constructed according to the present invention. 
The TDM data transmission system includes a transmitting station 11 0 and 
a receiving station 120. The transmitting station 1 1 0 includes and is 
interconnected to two or more terminal signals, such as terminal signal 
102, terminal signal 104, and terminal signal 106, which form the input of 
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the system. The input signals may be telecommunication or data 
communication signals in virtually any format, such as the FDDI Ethernet 
Fiber Channel, ESCON, ATM, and SDH formats. The signai are generally 
produced by one of any number of signal sources, such as commercially 
5 available signal generators by 3Com, Cisco, Alcatel, Lucent, Tektronix 
and Osicom. For simplicities sake, only three terminal signals (102 
terminal signal 104 and 106) are shown. However, additional terminal 
signals can be accommodated. 

Groups of terminal signals (e.g., 102, 104 and 106} are combined - 
together by a single time division multiplexer, such as time division 
multiplexer 200-A. Time division multiplexers adequate for this application 
are commercially available from such vendors as Vitesse. Additional time 
division multiplexers, for example time division multiplexers 200-B and 
200-C, may also be included, each connected to their own group of 
terminal signals (shown only as arrows). The combined signals are then 
sent to DWDM multiplexer/transmitter 300. which combines the combined 
signals from different time division multiplexers (such as time division 
multiplexers 200-A, 200-B, and 200-C) , perhaps with optical or electronic 
signals from other sources (riot shown). A variety of DWDM 
multiplexer/transmitters are commercially available from a number of 
sources, including Osicom. The newly DWDM multiplexed signal is then 
passed through optical waveguide medium, such as optical fiber 400, 
which transports the signal to the receiving station 120, which includes a 
DWDM demultiplexer/receiver 500. DWDM demultiplexer/receiver 500 is 
similarly commercially available from a number of sources, including 
Osicom. The DWDM demultiplexer/receiver 500 separates the multiplexed 
signals by wavelength, segregating the signals from individual time 
division multiplexers, such as time division multiplexers 200-A, 200-B, and 
200-C, as well as optical or electronic signals from other sources (not 
shown). The signals from a given time division multiplexer are sent to a 
counter-part time division demultiplexer, so that, for example, signals from 
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time division multiplexer 200-A are sent by the DWDM 
demultiplexer/receiver 500 to time division demultiplexer 600-A, while 
those from time division multiplexer 200-B are sent to time division 
demultiplexer 600-B, and time division multiplexer 200-C to time division 
5 demultiplexer 600-C. Time division demultiplexers may be obtained from 
the same vendors as time division multiplexers. 

The transmitting station 1 10 may have any number of time division 
demultiplexers, but for simplicities sake, focus will be on time division 
demultiplexer 600-A. Time division demultiplexer 600-A reverses the 
process of time division multiplexer 200-A and divides the output signals. 
Thus each terminal signal (such as terminal signal 102) is recovered from 
the multiplexed signals and restored to its original form. For instance, 
terminal signal 102 is restored as output signal 702, terminal signal 104 
as output signal 704, and terminal signal 106 as output signal 706. 

Referring to Fig. 2, the transmitting station 1 1 0 of the TDM data 
transmission system 100 is shown, which includes terminal signals, such 
as terminal signal 102, terminal signal 104, and terminal signal 106, time 
division multiplexer 200-A and DWDM multiplexer/transmitter 300. Time 
division multiplexer 20OA is shown in some detail and includes a data 
buffer for each terminal signal, such as data buffer 202, data buffer 204, 
and data buffer 206, for processing terminal signais 102, 104 and 106, 
momentarily storing data until clock is acquired and for determinating the 
data speed from the terminal signal and communicating it to a dock 
generator 240. Appropriate clock generators and data buffers are 
commercially available from vendors such as Motorola and National 
Semiconductor. In a preferred embodiment, the data buffer has a memory 
capability of eight bytes. Each data buffer's output (labeled D 1>2 ^,) is 
transmitted to an encoder, such as encoders 212, 214, and 216. 
Appropriate encoders are commercially available from vendors such as 
Motorola and National Semiconductor. Thus, data buffer 202*s output 
(labeled D,) is transmitted to encoder 212, data buffer 204 , s output 
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(labeled D 2 ) is transmitted to encoder 21 4, and data buffer 206-s output 
(labeled D N ) is transmitted to encoder 216. The encoders (212, 214 and 
216) add an identification signal supplied by a channel ID generator 250 to 
the terminal signal. Suitable channel ID generators are commercially 

5 available from suppliers such as Motorola and National Semiconductor. 
Each encoder's output (labeled E,.^) is transmitted to a data scrambler 
such that encoder 212's output (labeled E,) is transmitted to data 
scrambler 222, encoder 214's output (labeled E 2 ) is transmitted to data 
scrambler 224, and encoder 21 6's output (labeled E N ) is transmitted to 
10 data scrambler 226. The data scramblers (222, 224 and 226) alter the 
output of the encoders according to a preset algorithm to avoid 

unrecognizable data (discussed below). Such data scramblers are 
commercially available from suppliers like Motorola and National 
Semiconductor. 

15 The time division multiplexing unit 230 combines the output signals 

(labeled F,^) from the various data scramblers together by sequentially 
picking up each output signal at different time slot, one bit at a time, and 
forming a time division multiplexed signal (labeled M) which is transmitted 
to the DWDM multiplexer/transmitter 300. The DWDM 

20 multiplexer/transmitter 300 may also receive as inputs other time division 
multiplexed signals (not shown) from other time division multiplexers, such 
as time division multiplexer 200-B and time division multiplexer 200-C, as 
well as signals from other optical and electronic sources. The time division 
multiplexing unit 230 is commercially available from any number of 

25 sources, such as Vitesse. The DWDM multiplexer/transmitter 300 
combines all of these signals onto a single optical waveguide, such as 
optical fiber 400, which transports the combined signal to a receiving 
station. 

The clock generator 240 receives the data speed of the input signal 
30 from the data buffers (e.g., 202, 204 and 206) and generates a main 

system clock, in the form of synchronous pulses, based upon the speed of 
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the input signal, to control that time division multiplexer (e.g., 200-A). The 
synchronous pulses are sent to the encoders (212, 214, and 216) the data 
scramblers (222. 224 and 226), the channel ID generator 250, and the time 
division multiplexing unit 230. The synchronous pulses sent to the various 
components may be a different speeds, depending upon the component. 
For example, because the encoders add a data bit to the signals (see 
below) a faster pulse is required to that component In a preferred 
embodiment, the clock will initially read data speed from data buffer 202. tf 
a data speed is readable from that buffer, the clock will transmit the - 
synchronous pulse described above. If no data speed is readable from 
data buffer 202 (perhaps, for instance, If that channel is not operational or 
has no data), the clock generator 240 will next attempt to read data buffer 
204, and repeat the same process until it acquires data speed from one of 
the buffers. If that buffer subsequently loses data speed (again, perhaps 
1 5 that channel temporarily has no signal) the dock generator 240 will 
continue to repeatedly check other buffers until an operational one is 
found. If all buffers are non-operational, theclock generator 240 will 
generate an artificial system clock, until one of the buffers has a signal. 

The channel ID generator 250 generates a unique channel ID 
(labeled It.i^j) for the marking of each channel by the encoders (212, 214, 
and 216). Typically, this is in the form of unique pseudo-random one- 
hundred and twenty seven (127) bit numbers sent to each encoder. Such 
numbers may be stored In a shift register or read-only memory, or in other 
means, by the channel ID generator 250. For instance, ID I, is sent to 
encoder212, ID l 2 is sent to encoder 214, and ID l N is sent to encoder 
216. In a preferred embodiment, the encoder will Insert one bit of the 
pseudo-random number every eight bits of the data buffer's output (labeled 

The data scramblers (222, 224 and 226) each utilize an Exclusive 
30 OR algorithm based upon a different binary number for each scrambler. 
The binary numbers must be of sufficient length and diversity to assure 
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that they will not likely be duplicated in the data buffer's output It has 
been found that a seven bit binary is usually adequate for this purpose 
The binary and the Exclusive OR algorithm (as well as the necessary 
output hardware) can be impressed upon a single chip, which can also be 
5 used to unscramble the data at the receiving station 120. Thus the data 
scrambler 222 will avoid data recognition problems caused by a null signal 
(repeating zeros) as well as other signals (repetitive 1 's, 
"001 1001 10011..." eta) where the signal horizon is difficult to determine. 
Indeed, as noted below, since clock acquisition on the receiving end is ' - 
based upon the signal speed, and the channel ID is embedded within the 
signal, making such a determination is highly important to the functioning 
of the TDM data transmission system 100. 

Referring to Fig. 3, the receiving station 120 of the TDM data 
transmission system 1 00 is shown, which Includes a DWDM 
demultiplexer/receiver 500, a time division demultiplexer 600-A. and output 
signals, such as output signal 702, output signal 704 and output signal 
706. Time division demultiplexer 60&A segregates out signals from 
individual time division multiplexing units (such as time division 

multiplexing unit 230) and transmits them as respective output signals 
20 (such as output signals 702, 704, and 706). 

Time division demultiplexer 600-A is shown in some detail and 
includes a time division demultiplexing unit 610 for dividing the multiplexed 
signals received from a time division multiplexing unit (e.g., time division 
multiplexing unit 230 shown in Fig. 2) and for transmitting such Individual 
signals (labeled G 1(2 _ N ) one bit at time to respective unscrambles (Le., 

622, 624, 626) on a rotating basis, acquiring clock and receiving a ' 
synchronization signal from a channel ID verifying unit 660, such as those 
available from Motorola and National Semiconductor. Each unscrambler 
(U.. 622, 624, 626) utilizes the same Exclusive OR algorithm, based upon 
the same respective binary numbers, as does the data scrambler whose 
output is being unscrambled (that is, unscrambler 622 and data scrambler 
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222 use the same binary, as do unscrambler 624 and data scrambler 224 
as well as unscrambler 626 and data scrambler 226). In fact, in a 
preferred embodiment the same binary can be used for all the scramblers 
and unscramblers. Each unscrambler outputs a data signal (labeled H, 
5 to a respective decoder (632, 634, and 336), which reads and ' 
removes the channel ID generated by the channel ID generator 250 and 
added by the encoders (212, 214, and 216) In Fig. 2. Suitable 
unscramblers and decoders are commercially available from vendors such 
as Motorola and National Semiconductor, and transmit the channel ID to^ 
the channel ID verifying unit 660. The channel ID verifying unit 660 
compares the channel ID from each decoder with the pre-stored channel 
10 assigned to that decoder. If the channel ID matches, no action is taken 
by the channel ID verifying unit 660. If they do not match, Indicating that 
the particular signal is in the wrong channel (e.g., signal H, misdirected to 
decoder 634), the channel ID verifying unit 660 sends a re-synchronization 
signal (labeled J) to the time division demultiplexing unit 610 to skip a 
channel a single time in the demultiplexing process. Then the channel ID 
verifying unit 660 again compares the channel ID to the pre-stored channel 
ID assigned to that channel; If there, is a match, no further action is taken. 
If not, then the process of sending re-synchronization signal J to the time 
division demultiplexing unit 610 is repeated until the channel ID from each 
from each decoder matches the pre-stored channel ID assigned to that 
decoder. 

The output signals from the decoders (labeled K, ^ are 
transmitted to respective data reshapers (642, 644, 646), such as Motorola 
model no,MC10H131. The waveform of signals K,^ will sometimes be 
distorted by noise such as thermal noise, shot noise, Inter crosstalk, 
system bandwidth, etc. The data reshapers translate the decoded signals 
to their original signal waveform, and such 'clean" signals form output 
30 signals 702 , 704 and 706 
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The dock generator 650 receives clock from the time division 

demulUplexing U nit610,basedupontherateoftheinputsignal l and 
provides a clock pulse to the decoders (632, 634, and 636) and the data 
reshapers (64, 644, and 646). Suitable clock generators are commercially 
5 available from vendors such as Motorola and National Semiconductor, 
The multi-level applications of the TDM data transmission system 
1 00 of the present invention can be further seen by viewing Fig. 1 along 
side Fig. 4, which shows an embodiment in which time division multiplexers 
200-A, 200-B, and 200-C, are cascaded, that is, they transmit their 
respective output signals (such as, for example, terminal signals 102, 104. 
and 106 multiplexed Into a single signal by time division multiplexer 200-A) 
to time division multiplexer 200*, which then combines them and transmits 
the resultant multiplexed signal to DWDM multiplexer/transmitter 300, which 
may also receive other multiplexed signals from other time division 
multiplexers, such as time division multiplexers 200-E and 200-F. DWDM 
multiplexer/transmitter 300 combines those signals and transmits the 
resultant signal over optical fiber 400 to DWDM demultiplexer/receiver 500, 
which demultiplexes those signals and transmits the resultant separate 
signals to time division demultiplexers, such as time division demultiplexers 
20 600-A, 600-B, and 600-C. Time division demultiplexer 600-A demultiplexes 
the signal into separate signals and transmits such separate signals to time 
division demultiplexers 600-D, 600-E, and 600-F. Time division 
demultiplexer 600-D, by way of example, further demultiplexes the signal 
from time division demultiplexer 600-A into separate output signals, such as 
25 output signals 702, 704, and 706. 

FIG. 5 shows an embodiment allowing bidirectional operation of the 
TDM data transmission system 100 of the present invention. Viewing Fig. 1 
along side Fig. 5, the DWDM multiplexer/transmitter 300, optical fiber 400, 
and DWDM demultiplexer/receiver 500 are capable of bidirectional 
communication. Thus all that need be done is, at the transmitting station 
110, to replace time division multiplexer 200-C (Fig. 1) with time division 
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demultiplexer 600-C (Fig. 5), and at the receiving station 120, rep, aC e time 
division demultiplexer 600-C (Fig. 1) with time division multiplexer 200-C 
(F.g. 5). The result of this substitution is that while time division 
multiplexers 200-A and 200-B function just as shown in Fig. 1. to transmit 
5 datafromterminalsignals(forexample102,1O4, and 106) through the 
optical fiber 400 to the DWDM multiplexer/transmitter 300 and eventually 
form output signals (for example, output signals 702, 704, and 706) time 
division multiplexer 200*. though located at the "receiving station" 120 of 
the system, transmits input signals (such as input signals 122, 124 and - 
10 126) in the reverse direction through DWDM demultiplexer/receiver 500 
optical fiber 400, DWDM multiplexer/transmitter 300. time division 
demultiplexer 600-C, and forms output signals (such as output signais 722, 
724, and 726). The particular configuration shown (i.e., two time division ' 
multiplexers and one time division demultiplexer on what would be deemed 

15 »nFig-1tobethe^mittirxjstationM10)isbywayofexampleonly A 
virtually unlimited number of configurations are possible depending upon 
the needs of the user. Fig. 6 shows a bidirectional embodiment of the 
cascade configuration of Fig. 5, in which what would be deemed the 
"transmitting station" 110 in Fig. 1 now contains sixtime division 

20 demultiplexers (600-G, 600-H, 600-!, 600-J, 600-K, and 600-L), and the 
former -receiving station" 120 contains six time division multiplexers (200- 
G, 200-H, 200-1, 200-J, 200-K, and200-L), again allowing bidirectional 
transmission. 

In these bidirectional embodiments, as well as the unidirectional 
25 embodiment shown In Fig. 1 ,- the system will remain in operation when any 
one or more input signals (such as 102, 106 or 124, for example) are 
removed or added, or suspend or begin operation. The single scrambling 
process (e.g., data scrambler 222 and unscrambler 622 of Figs. 2 and 3) 
treat such an event as suspended operation of a signal source as a null 
30 signal. 
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Having now described the invention in accordance with the 
requirements of the patent statutes, those skilled in the art will understand 
how to make changes and modifications in the present invention to meet 
thar specific requirements or conditions. Such changes and modifications 
may be made without departing from the scope and spirit of the invention as 
set forth in the following claims. 
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WHAT IS CI .AIMED IS- 



1 A modular time division multiplexing expansion subsystem for 
transmitting a plurality of incoming information-bearing signais between a 
first station and a second station over a single transmission medium, said 
subsystem comprising 
5 a f,^ s t a ti 0n including at least one multiplexer module, said 

multiplexer module comprising: 

a plurality of data buffers, each data buffer receiving a respective J 
one of said incoming information-bearing signais, and 
optionally deriving a respective input clock signal therefrom- 
10 a channel identification generator for generating a unique pseudo-' 

random channel identification code for each of said respective 

signals independent of any channel Identification encoded in 
said respective signals; 

a plurality of encoders, each encoder receiving one of said unique 

1 5 pseudo-random channel identification code and sequentially 

adding different bits from said unique channel identification 
code to said respective signal at predetermined intervals, 
independent of any frame or synchronization signal within 
said signal, to thereby form an encoded data signal having a 

20 fMtw data rate than said respective signal; 

a plurality of data scramblers, each data scrambler converting said 
encoded data signal into a format that can be directly 
modulated, transmitted and demodulated without signal 
boosters or amplification, according to a predetermined 

25 algorithm; 

a time division multiplexing unit, for combining output signals from 
said plurality of scramblers, said time division multiplexing unit 
sequentially transferring an output signal from each scrambler 
at different time slot, and forming a time division multiplexed 



7:20PM; SSSKfSFFSBjS 



; +8 1 3 S330 6044 



# 23/ 64 



WO 99/41863 „^„,c 

PCT/US 99/02 602 

18 

30 slgnal for transmission from said first station to said second 

station; and 

a multiplexing clock, for receiving said optional data speed in the 

form of signals from one or more of the data buffers, and 
transmitting at least one synchronizing pulse based thereon- 

a second station including at least one demultiplexer module, each* 
demultiplexer module comprising: 

a time division demultiplexing unit, for dividing said multiplexed 

signal received from said first station, deriving the data speed 
therefrom, and transmitting demultiplexed signals over a 
40 Plurality of data channels; 

a plurality of unscrambles, one for each data channel, each 

unscrambler receiving a demultiplexed signal from the time 

division demultiplexing unit and converting said demultiplexed 
signal back into said encoded data signal; 

45 a demultiplexing dock, for receiving said data speed in the form of 

signals from said time division demultiplexer, and transmitting 

at least one synchronizing pulse based thereupon; 

a decoder for receiving said synchronizing pulse, removing said 

unique identification code from said encoded data signal, and 

50 returning the signal substantially to its original form; 

an identification verifying unit, for comparing said unique 

identification code from a given signal with the predetermined 

unique identification code for that signals data channel, and 

for sending a synchronizing signal to said time division 
55 demultiplexing unit if said identification code from said signal 

does not correspond to said predetermined identification code 
for that signals data channel; 
wherein said information-bearing signals may be transmitted between a first 
stafton and a second station over a single transmission media independent 
60 of transmission format. 
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2. Themodulartime division multiplexing expansion subsystem 
of clam 1 wherein said data buffers, encoders, scramblers, channel 
•dentrfication generator, and time division multiplexing unit are able to 
operate over a wide range of data rates, whereby information-bearing 

5 s,gna.s may be transmitted between a first station and a second station 
over a single transmission medium substantially independent of data rate. 

3. The modular time division multiplexing expansion subsystem 
of claim 1 wherein said channel identification generator and said 
identification verifying unit are substantially identical in structure. 

A. The modular time division multiplexing expansion subsystem 
of claim 1 wherein said second station further comprises at least one 
multiplexer module for combining information-bearing signals and 
transmitting said multiplexed signal from said second station to said first 
5 station, and said first station further comprises at least one demultiplexer 
. module for dividing said multiplexed signal received from said second 
station, for transmitting information-bearing signals from said second 
station to said first station, while other information^earing signals continue 
to be transmitted from said first station to said second station. 

5. The modular time division multiplexing expansion subsystem 
of claim 1 wherein said plurality of encoders add at least a first 
predetermined integer number of bits from the unique channel identification 
code after every second predetermined integer number of bits of said 

5 respective signal. 

6. The modular time division multiplexing expansion subsystem 
of claim 5 wherein said first predetermined integer number is one and said 
second predetermined integer number is eight 
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7. The modular time division multiplexing expansion subsystem 
of claim 1 wherein said data scrambler predetermined algorithm further 
comprises converting said respective signal by an Exclusive OR algorithm 
based upon predetermined binary number. 

8. The modular time division multiplexing expansion subsystem 
of claim 7 wherein said predetermined binary number is at least seven bits 
in length. 

9. The modular time division multiplexing expansion subsystem 
of claim 1 further comprising a first data buffer, a second data buffer and 
one or more subsequent data buffers, wherein if said multiplexing clock has 
not acquired data speed or lost data speed, said clock initially checks said 

5 first data buffer for data speed, and If no data speed is acquired, then 

checks said second data buffer, and if no data speed is acquired, in turn 
checks subsequent data buffers, repeating the pattern, until data speed is 
acquired. 

10. The modular time division multiplexing expansion subsystem 
of claim 1 wherein said data scrambler further comprises a single chip with 
said Exclusive OR algorithm and said binary number contained therein. 

11. The modular time division multiplexing expansion subsystem 
of claim 1 wherein said unique pseudo-random channel identification codes 
are stored In a shift registrar or in read-only memory. 

12. The modular time division multiplexing expansion subsystem 
of daim 1 wherein said information-bearing signals received by said 
multiplexer module are at substantially the same data rate. 
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13. The modular time division (multiplexing expansion subsystem 
of cla,m 1 further comprising one or more additional incoming information- 
beanng signals added to an input of said at least one multiplexer module 
after said multiplexer module is already in operation transmitting said 
5 plurality of incoming information-bearing signals, whereby incoming 

information bearing signals may be added or removed without disruption of 
service. 

14. Trie modular time division multiplexing expansion subsystem 
of all of the above Claims wherein said at lest one multiplexer module 
further comprises a plurality of multiplexer modules wherein the output of at 
least one of said plurality of multiplexer modules forms the input of another 
5 of said pluraHty of multiplexer modules, whereby said plurality of multiplexer 
modules can be arranged in cascade fashion to accommodate a greater 
number of incoming Infcrmatior^earing signals than a single multiplexer 
module could accommodate. 

15. The modular time division multiplexing expansion subsystem 
of all of the above Claims wherein said at lest one demultiplexer module 
further comprises a plurality of demultiplexer modules wherein at least one 
of said demultiplexed signals, output from at least one of said plurality of 
5 demultiplexer modules, forms the input of another of said plurality of 

demultiplexer modules, whereby said plurality of demultiplexer modules can 
be arranged in cascade fashion to accommodate a greater number of 
incoming information-bearing signals than a single demultiplexer module 
could accommodate. . 
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